Inhibition of hemoglobin expression by heterologous production of nitric oxide synthase in the K562 erythroleukemic cell line.
Recent studies have indicated that nitric oxide may affect iron metabolism through disruption of the iron-sulfur complex of iron regulatory protein-1, a translational regulator. In the present study, we report that heterologous expression of murine macrophage nitric oxide synthase (NOS-2) in the human erythroleukemic K562 cell line results in constitutive production of nitric oxide associated with inhibition of hemoglobin expression. K562 cells were transfected with an episomally-maintained, hygromycin-selectable expression vector bearing the coding region of NOS-2. Constitutive NOS expression was detected by Western blotting of cell lysates and by the accumulation of nitrite in the culture media. Although NOS-transfected cells grew more slowly than control cells, they were able to maintain constitutive expression of NOS and production of nitric oxide for more than 1 month following transfection. The hemoglobin content of NOS-transfected K562 cells was less than one-fifth that of control cells, but increased markedly if NOS inhibitor was included in the culture media. The nitric oxide-mediated inhibition of hemoglobin expression was reversed by supplementing the culture media with 20 mumol/L hemin or 0.5 mmol/L 5-amino-levulinate, indicating that nitric oxide did not directly inhibit hemoglobin synthesis, but likely acted on a step in heme synthesis. mRNA levels for globin and erythroid aminolevulinic acid synthase (eALAS) were the same in both NOS-transfected and control cells. Our observations indicate that hemoglobin expression is inhibited by nitric oxide in NOS-transfected K562 cells by posttranscriptional repression of eALAS, the first enzyme of the heme biosynthetic pathway. The most likely mechanism is a nitric oxide-mediated translational repression of eALAS, as was recently demonstrated for ferritin synthesis. These observations further illustrate the potential for endogenously produced nitric oxide to regulate cellular posttranscriptional events. In particular, our observations may be relevant to the role of nitric oxide in anemia and lowered blood hemoglobin concentrations that are associated with chronic infections, such as tuberculosis or parasitic disease.